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The SM predictions for CP violating effects in D meson systems are highly suppressed at the
per mill level. Therefore, any experimental evidence for a sizable CP violation in D0 − D¯0 mixing
would unambiguously point towards a New Physics (NP) signal. Within supersymmetric scenarios,
the popular alignment models can naturally account for large, non-standard effects in D0 − D¯0
mixing. We demonstrate that, within alignment models, detectable CP violating effects in D0 −
D¯0 mixing would unambiguously imply a lower bound for the electric dipole moment (EDM) of
hadronic systems, like the neutron EDM and the mercury EDM, in the reach of future experimental
sensitivities. The simultaneous evidence of CP violation in D meson systems together with non
vanishing hadronic EDMs would strongly support the idea of SUSY alignment models and disfavour
gauge-mediated SUSY breaking models, SUSY models with MFV and non-Abelian SUSY flavour
models. As a byproduct of our analysis, we study the correlation between the time dependent
CP asymmetry in decays to CP eigenstates Sf and the semileptonic asymmetry aSL both model
independently and in SUSY alignment models.
I. INTRODUCTION
The meson systems are among the most powerful low
energy probes of New Physics (NP) and can be regarded
as golden channels of the high intensity frontier. How-
ever, the K and Bd systems have been already well stud-
ied experimentally and all the currently available mea-
surements are compatible with the Standard Model (SM)
predictions, although large room for NP, in particular in
rare K decays, is still allowed. Similarly the question of
the size of NP in the Bs system, in particular in CP-
violating observables and in rare decays like Bs → µ+µ−
is still to be answered.
Yet, already the present data imply the so-called NP
flavour and CP problems, that amount to the tension be-
tween the solution of the hierarchy problem, requiring a
TeV scale NP, and the explanation of the Flavour Physics
data in which this NP did not show up convincingly.
Within supersymmetric scenarios, the most popular
mechanisms accounting for a solution of the flavour prob-
lem are 1
• MFV. Flavour violation is assumed to be entirely
described by the CKM matrix even in theories be-
yond the SM [2, 3].
• Decoupling. The sfermion mass scale is taken to be
very high.
• Degeneracy. The sfermion masses are degenerate
to a large extent leading to a strong GIM suppres-
1 For a recent comprehensive analysis of flavour and CP violating
effects in SUSY theories see [1].
sion, as in (pure) gauge-mediated SUSY breaking
models [4] or non-Abelian SUSY flavour models [5].
• Alignment. The down-quark and squark mass ma-
trices are aligned, so that the flavour-changing
down fermions-gaugino-sfermion couplings are sup-
pressed [6, 13]
In contrast, the SUSY CP problem is not addressed by
the MFV principle or flavour symmetries as the flavour
blind phases generating unacceptably large EDMs are not
forbidden by the flavour symmetry [7–11]. For instance,
the extra assumption employed by SUSY flavour models
is that CP is preserved by the sector responsible for SUSY
breaking, while it is spontaneously broken in the flavour
sector [7, 8]. In this case, one may expect that flavoured
EDMs are generated [12] and highly correlated with CP
violating phenomena in flavour physics.
In this work, we focus on alignment models that nat-
urally arise in the context of Abelian flavour symme-
tries [6, 13]. Such symmetries, can simultaneously ex-
plain the pattern of fermion masses and mixings and pro-
vide the sufficient suppression of FCNC phenomena [6].
On the other hand, a prominent feature of this class of
models is the appearance of large FCNC effects in the
up-quark sector. Therefore, physical observables gener-
ated by D0 − D¯0 mixing provide a unique tool to probe
or to falsify models with alignment [6, 13–16].
On general grounds, the D system (as well as the
Bs system) offers a splendid opportunity to discover
CP violating effects arising from NP [17–20] as the SM
predictions are completely negligible, at the level of
O((VcbVub)/(VcsVus)) ∼ 10−3. As a consequence, any
experimental signal of CP violation in D0 − D¯0 above
the per mill level would unambiguously point towards a
NP effect.
In this context, the main goals of this letter are:
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2i) to quantify the NP room left to CP violation in
D0− D¯0 transitions that is compatible with all the
available experimental data (see also [21–23]);
ii) to point out strategies enabling to probe or to fal-
sify NP scenarios by means of a correlated analysis
of low energy observables. In particular, we point
out that, within alignment models, CP violating
effects in D0 − D¯0 mixing unambiguously imply a
lower bound for the EDMs of hadronic systems,
like the neutron EDM and the mercury EDM, in
the reach of the future experimental sensitivities.
As a byproduct of our study of CP violation in D0−D¯0
mixing, we also analyse the correlation between the time
dependent CP asymmetry in decays to CP eigenstates
Sf and the semileptonic asymmetry aSL both model in-
dependently and in SUSY alignment models.
II. MODEL INDEPENDENT
CONSIDERATIONS ON D0 − D¯0 MIXING
We start with a brief summary of the basic formalism
ofD0−D¯0 mixing focusing on those aspects most relevant
for our analysis. Recent comprehensive presentations can
be found e.g. in [21–23]. In the following we use the
conventions of [22].
The amplitude for the D0− D¯0 transition can be writ-
ten as
〈D0|Heff |D¯0〉 = M12 − i
2
Γ12 , (1)
〈D¯0|Heff |D0〉 = M∗12 −
i
2
Γ∗12 , (2)
where M12 is the dispersive part and Γ12 the absorptive
part. The phases of M12 and Γ12 are phase convention
dependent but their relative phase is a physical observ-
able. The three fundamental theory parameters describ-
ing D0 − D¯0 mixing are then
|M12| , |Γ12| , φ12 = Arg(M12/Γ12) . (3)
The neutral D meson mass eigenstates D1 and D2 are
linear combinations of the strong interaction eigenstates,
D0 and D¯0
|D1,2〉 = p|D0〉 ± q|D¯0〉 , (4)
with the convention CP |D0〉 = +|D¯0〉 and
q
p
=
√
M∗12 − i2Γ∗12
M12 − i2Γ12
. (5)
Their normalized mass and width differences, x and y,
are given by
x =
∆MD
Γ
= 2τRe
[
q
p
(
M12 − i
2
Γ12
)]
, (6)
y =
∆Γ
2Γ
= −2τ Im
[
q
p
(
M12 − i
2
Γ12
)]
, (7)
with the lifetime of the neutral D mesons τ = 1/Γ =
0.41ps.
Experimentally, D0 − D¯0 mixing is now firmly es-
tablished with the non-mixing hypothesis x = y = 0
excluded at 10.2σ [24, 25]. Still, at the current level
of sensitivity, there is no evidence for CP violation in
D0 − D¯0 mixing. The experimental data on both |q/p|
and φ = Arg(q/p) is compatible with CP conservation,
i.e. |q/p| = 1 and φ = 0. The most recent world averages
as obtained by HFAG read [24, 25]
x = (0.98+0.24−0.26)% , (8)
y = (0.83± 0.16)% , (9)
|q/p| = 0.87+0.17−0.15 , (10)
φ = (−8.5+7.4−7.0)◦ . (11)
Throughout our analysis, we use these constraints at the
2σ level.
In the remainder of our analysis of CP violation inD0−
D¯0 mixing we will focus on two observables: the time
dependent CP asymmetry in decays to CP eigenstates
Sf and the semileptonic asymmetry aSL.
A. Time dependent CP asymmetry
The decay rates of neutral D mesons decaying to CP
eigenstates f are to a good approximation given by [19,
23, 26]
Γ(D0(t)→ f) ∝ exp
[
−ΓˆD0→f t
]
, (12)
Γ(D¯0(t)→ f) ∝ exp
[
−ΓˆD¯0→f t
]
, (13)
with effective decay widths
ΓˆD0→f = ΓD
[
1 + ηCPf
∣∣∣∣qp
∣∣∣∣ (y cosφ− x sinφ)] ,(14)
ΓˆD¯0→f = ΓD
[
1 + ηCPf
∣∣∣∣pq
∣∣∣∣ (y cosφ+ x sinφ)] .(15)
Here ηCPf is the CP parity of the final state f .
One then defines the following CP violating combina-
tion [22, 23, 26]
Sf = 2∆Yf =
1
ΓD
(
ΓˆD¯0→f − ΓˆD0→f
)
, (16)
that is given by
ηCPf Sf = x
(∣∣∣∣qp
∣∣∣∣+ ∣∣∣∣pq
∣∣∣∣) sinφ− y(∣∣∣∣qp
∣∣∣∣− ∣∣∣∣pq
∣∣∣∣) cosφ .
(17)
This expression gets in principle modified in the pres-
ence of new weak phases in the decay [22, 23], that one
3FIG. 1: Model independent correlations between Sf and φ (left) and aSL and Sf (right). Light gray points satisfy the constraints
(8) and (9) from x and y while darker gray points further satisfy the constraint (10) from |q/p|. Red points are compatible
with all constraints listed in (8) - (11) and the dashed lines stand for the allowed range (18) for ηCPf Sf .
could expect e.g. in singly Cabibbo suppressed decay
modes [20]. However, as shown in [23], such effects are
severely constrained by the existing data on time inte-
grated CP asymmetries. To an excellent approximation,
eq. (17) holds therefore also in the presence of new weak
phases in the decay, i.e. ηCPf Sf and η
CP
f ∆Yf are uni-
versal for all final states and practically independent of
direct CP violation in the decays.
In fact time dependent CP asymmetries are currently
determined from the singly Cabbibo suppressed decay
modes D0 → K+K− and D0 → pi+pi− and one has [24]
ηCPf Sf = (−0.248± 0.496)% . (18)
Concerning Cabbibo favored decay modes, the most
promising channel seems to be D0 → KSφ [22]. The
corresponding time dependent CP asymmetry has been
studied within the Littlest Higgs model with T-parity
in [22] and within a Randall-Sundrum framework in [27].
In the left plot of fig. 1 we show the dependence of
the asymmetry ηCPf Sf on φ. The light gray points only
fulfill the constraints from x and y, darker gray points in
addition also the constraint from |q/p|. Red points finally
are compatible with all constraints listed in (8) - (11).
The range (18) for ηCPf Sf is also shown as dashed lines.
We observe a very significant impact of the constraint on
φ in (11), that has not been taken into account in [22] in
order to be conservative. In fact, our analysis emphasizes
the crucial role played by a precise measurement of φ to
establish the NP room left to CP violation in D-physics.
To obtain this plot we proceed in the following way:
while the absorptive part of the D0 − D¯0 mixing am-
plitude is not sensitive to new short distance dynamics,
the dispersive part can be affected by NP effects. We
therefore decompose the mixing amplitude as follows
M12 = M
SM
12 +M
NP
12 , (19)
Γ12 = Γ
SM
12 . (20)
Both SM contributions, MSM12 and Γ
SM
12 are predicted to
be real (in the CKM convention) to an excellent approxi-
mation, but their magnitude cannot be calculated in a re-
liable way [28, 29]. We follow [27, 30] and scanMSM12 flatly
in the range [−0.02, 0.02]ps−1, so that the SM contribu-
tion alone can saturate the experimental bound. More-
over, we scan ΓSM12 flatly in the range [−0.04, 0.04]ps−1.
For the model independent analysis we then scan the
NP contribution with 0 < |MNP12 | < 0.05ps−1 and 0 <
Arg(MNP12 ) < 2pi.
B. Semileptonic Asymmetry
The semileptonic asymmetry in the decay to “wrong
sign” leptons is defined as
aSL =
Γ(D0 → K+`−ν)− Γ(D¯0 → K−`+ν)
Γ(D0 → K+`−ν) + Γ(D¯0 → K−`+ν)
=
|q|4 − |p|4
|q|4 + |p|4 (21)
and is a direct measure of CP violation in the mixing.
The model independent relation between x, y, |q/p|
and φ identified in [21] implies the following correlation
between the universal time dependent CP asymmetry Sf
and the semileptonic asymmetry aSL [22, 23]
Sf = 2∆Yf = −ηCPf
x2 + y2
|y| aSL . (22)
In the right plot of fig. 1 we show exactly this correlation
as a result of the numerical scan described above. We
observe that the constraints coming from |q/p| and φ
limit the allowed range for aSL in a model independent
way. The remaining range reads −0.5 <∼ aSL <∼ 0.35 .
4Mixing Angle Lower Bound Upper Bound
(KdL)12 λ
5 λ3
(KdR)12 λ
7 λ3
(KdL)13 λ
3 λ3
(KdR)13 λ
7 λ3
(KdL)23 λ
2 λ2
(KdR)23 λ
4 λ2
(KuL)12 λ λ
(KuR)12 λ
4 λ2
TABLE I: Lower and upper bounds on SUSY flavour mixing
angles in alignment models as reported in Ref. [31].
III. D0 − D¯0 MIXING IN SUSY ALIGNMENT
MODELS
The quark-squark alignment mechanism occurs natu-
rally in models with Abelian horizontal symmetries re-
producing the observed hierarchy in the Yukawa cou-
plings. They make use of holomorphic zeros in the down
quark mass matrix to obtain the desired suppression for
the mixing angles of the first two generations. As shown
in Ref. [31], in the framework of alignment it is possi-
ble to predict for a broad class of Abelian flavour models
both lower and upper bounds for the SUSY flavour mix-
ing angles (KqM )ij that parameterize the g˜ − qMi − q˜Mj
couplings, with M = L,R (see tab. I).
The most peculiar feature of alignment models is the
appearance of a large mixing angle (KuL)12 ∼ λ, lead-
ing to large effects in D0 − D¯0 mixing. This can be
understood in the following way. Abelian flavour sym-
metries do not impose any restriction on the mass split-
tings between squarks of different generations therefore
they are expected to be non-degenerate with natural or-
der one mass splittings. In particular, in the presence of
a mass splitting between the first two generations of left-
handed squarks, the (basis-independent) SU(2)L relation
between the left-left blocks of the up- and down-squark
mass matrices M˜2uLL = V M˜
2d
LLV
† implies that
(M˜2uLL)21 =
[
V M˜2dLLV
†
]
21
' (M˜2dLL)21 + λ
(
m˜22 − m˜21
)
.
(23)
The last relation holds in the CKM convention at the
first order in the expansion parameter λ. Thus, even for
(M˜2dLL)21 = 0, which is approximately satisfied in align-
ment models, there are irreducible flavour violating terms
in the up squark sector driven by the CKM as long as the
left-handed squarks are split in mass.
The corresponding SUSY contributions to D0 − D¯0
mixing can be obtained, as usual, by means of the fol-
lowing ∆F = 2 effective Hamiltonian
Heff =
5∑
i=1
CiQi +
3∑
i=1
C˜iQ˜i + h.c. , (24)
cR
uL
uR
cL
g˜ g˜
c˜R
u˜L
u˜R
c˜L
(δRu )21
(δLu )21
uR uL
u˜R
c˜R c˜L
u˜L
g˜
mcAc
(δRu )
∗
21 (δ
L
u )21
γ, g
(a) (b)
FIG. 2: Examples of relevant Feynman diagrams contributing
(a) to D0 − D¯0 mixing and (b) to the up quark (C)EDM in
SUSY alignment models.
with the operators Qi given by
Q1 = (u¯
αγµPLc
α)(u¯βγµPLc
β) ,
Q2 = (u¯
αPLc
α)(u¯βPLc
β) ,
Q3 = (u¯
αPLc
β)(u¯βPLc
α) ,
Q4 = (u¯
αPLc
α)(u¯βPRc
β) ,
Q5 = (u¯
αPLc
β)(u¯βPRc
α) , (25)
where PR,L =
1
2 (1± γ5) and α, β are colour indices. The
operators Q˜1,2,3 are obtained from Q1,2,3 by the replace-
ment L↔ R. The dominant contributions to the Wilson
coefficients come from gluino boxes, that, in the mass
insertion approximation (MIA), are given at LO in [33]
and at NLO in [34].
In the presence of large mass splittings among squarks,
the MIA might not be a good method to calculate the
SUSY contributions to FCNC processes. However, start-
ing from eq. (23), the full computation can be reproduced
quite accurately provided we define the MI (δLu )21 as fol-
lows [31]
(δLu )21 ' λ
∆m˜221
m˜2Q
, (26)
where m˜Q = (m˜2 + m˜1)/2 [32], ∆m˜
2
21 = m˜
2
2 − m˜21 and
the CKM convention has been still assumed.
We notice that, within alignment models, the CP vi-
olating WCs in the super-CKM basis in the MIA are
C˜1 ∼ (δRu )21(δRu )21, (C4, C5) ∼ (δLu )21(δRu )21, while C1 is
real as C1 ∼ (δLu )21(δLu )21 with (δLu )21 ∼ λ, given in (26).
Still, C1 contributes dominantly to ∆MD. On the other
hand, the dominant contribution to ImMNP12 , that is rel-
evant for CP violating effects, mostly arises from C4 (see
fig. 2). In particular, neglecting RGE-induced QCD ef-
fects, one can find the following rough approximation for
5ImMNP12
2
ImMNP12 '
α2s
m˜2Q
m2D
m2c
mDf
2
D
7
12
f˜6(xg)Im[(δ
L
u )21(δ
R
u )21],
(27)
where xg = m
2
g˜/m˜
2
Q and f˜6(1) = 1/20. The explicit ex-
pression for f˜6 is given in [33]. In (27), we notice chiral
enhancement (mD/mc)
2 that is stronger than in B mix-
ing but weaker than for the K system.
Finally, let us comment on possible constraints aris-
ing from FCNC processes involving down quarks (like
K − K¯ mixing, K → piνν¯, ...). While one might ex-
pect large NP effects in such processes from chargino-up
squark contributions driven by the large off-diagonal en-
tries in M˜2uLL, we notice that chargino contributions are
actually sensitive to the off-diagonal elements of M˜2dLL
and not M˜2uLL. This can be immediately seen remember-
ing that the chargino induced FCNC amplitude Aχ˜ij is
such that Aχ˜ij ∼ (V †M˜2uLLV )ij ≡ (M˜2dLL)ij , where we have
used the SU(2)L relation M˜
2u
LL = V M˜
2d
LLV
†. Therefore,
the huge MI (δLu )21 ∼ λ, arising in alignment models, is
not constrained by K − K¯ observables.
IV. HADRONIC EDMS IN SUSY ALIGNMENT
MODELS
The SM predictions for the electric dipole moments
are very far from the present experimental resolutions,
therefore the EDMs represent very clean probes of NP
effects. Within a MSSM framework with flavour violat-
ing soft terms, large effects for the hadronic EDMs can
be naturally generated [12]. In particular, within align-
ment models, we find that the dominant SUSY contribu-
tions to the hadronic EDMs arise from the gluino-squark
contribution to the up-quark (C)EDMs (see fig. 2). Its
expression at the SUSY scale reads{
du
e
, dcu
}
' −αs
4pi
mc
m˜2Q
mg˜Ac
m˜2Q
f(xg)Im
[
(δLu )21(δ
R
u )
?
21
]
,
(28)
where Ac is the trilinear term relative to the second up-
squark generation, f(1) = {−8/135, 11/180} and the
explicit form for the loop function f is given in [12].
We notice that, d
(c)
u turns out to be proportional to mc
instead of mu, as it happens in the case of flavour blind
phases. This huge chiral enhancement factor, stemming
from flavour effects, can bring the hadronic (C)EDMs
close to the current and future experimental sensitivities,
providing a splendid opportunity to probe the flavour
2 In our numerical analysis instead we use the full set of leading
order SUSY contributions to the Wilson coefficients as reported
e.g. in [35], we include NLO RGE running according to [36, 37]
and use the matrix elements from [30, 38].
structure of the soft sector. Among the hadronic EDMs,
the mercury and the neutron EDMs, dHg and dn respec-
tively, are especially important. In particular, within
alignment models, these EDMs can be expressed in terms
of the constituent quark EDMs as [39, 40]
dn ' (1± 0.5)
[
− 0.35 du + e 0.55 dcu
]
, (29)
dHg ' 7× 10−3 e dcu , (30)
while the current experimental bounds on dn [41] and
dHg [42] are, respectively
|dn| < 2.9× 10−26 e cm (90%CL) , (31)
|dHg| < 3.1× 10−29 e cm (95%CL) . (32)
Given that within SUSY alignment models du ≈ −dcu,
it turns out that |dHg| ≈ 10−2 |dn| hence, according to
eqs. (29)-(32), |dHg| would roughly be one order of mag-
nitude more sensitive than dn to SUSY effects. How-
ever, given the large theoretical uncertainties affecting
the prediction of dHg in eq. (30), in the following, to be
conservative, we focus only on dn.
In the next section, we will show that a striking predic-
tion arising within SUSY alignment models is the predic-
tion of a lower bound for dn, in the reach of the upcoming
experimental resolutions, if non-standard CP violating
effects in D0 − D¯0 mixing are also generated.
V. NUMERICAL ANALYSIS
As already discussed, SUSY alignment models can nat-
urally satisfy the stringent bounds from K and ∆MK
by construction (see table I). In contrast, large effects in
D0 − D¯0 mixing are unambiguously predicted, provided
the first two squark families are non-degenerate, as we
expect from naturalness arguments.
In our numerical analysis, we assume a CMSSM-like
spectrum and perform a scan over the input parame-
ters: m0 < 2 TeV, M1/2 < 1 TeV, |A0| < 3m0, and
5 < tanβ < 55. Moreover, we set at the GUT scale
(δRu )21 = λ
3 and the mass splitting between the 1st and
2nd squark generation masses as mu˜L = 2mc˜L = 2m0.
Therefore, it turns out that (δLu )21 ∼ λ at the GUT
scale. However, the above mass splitting is significantly
reduced at the low scale because of a degeneracy mech-
anism mostly driven by the flavour blind SU(3) inter-
actions [31, 43, 44]. As a result, the low scale (δLu )21
is significantly smaller than λ, typically by one order of
magnitude, and the constraints from D mixing (8) - (11)
can be satisfied even for squark masses well below the
TeV scale.
In the plot on the right of fig. 3, we notice the corre-
lation between Sf and aSL, as expected by the model-
independent relation of eq. (22). Interestingly, within
alignment models, it is possible to saturate the model-
independent values for Sf and aSL shown in fig. 1.
6FIG. 3: Correlations between dn and Sf (left), dn and aSL (middle) and aSL and Sf (right) in SUSY alignment models. Gray
points satisfy the constraints (8)-(10) while blue points further satisfy the constraint (11) from φ. Dashed lines stand for the
allowed range (18) for Sf .
In the left and middle plots of fig. 3, we show the cor-
relation between dn and Sf as well as dn and aSL.
As discussed in the previous sections, the CPV ob-
servables Sf and aSL are generated by the imaginary
part of the D0 − D¯0 mixing amplitude ImM12 ∼
Im
[
(δLu )21(δ
R
u )21
]
. At the same time, also the hadronic
EDMs are generated by means of the up-quark (C)EDM
d
(c)
u ∼ ImM?12 ∼ Im
[
(δLu )21(δ
R
u )
∗
21
]
.
Examples of relevant Feynman diagrams contributing
to D0−D¯0 mixing and to the up quark (C)EDM in SUSY
alignment models are shown in fig. 2.
Even if the CP violating source is the same, dn and
Sf cannot be exactly correlated. The reason is twofold:
i) dn ∼ ImM?12 while the relevant phase for Sf is φ =
Arg(q/p) with q/p defined in eq. (5), ii) while d
(c)
u is sensi-
tive toAc (see eq. (28)), ImM
?
12 is not (see eq. (27)). Even
if the natural value for Ac is Ac ∼ mg˜, m˜Q, there are cor-
ners of the SUSY parameter space where Ac  mg˜, m˜Q
(remember that within the CMSSM-like spectrum, which
we assume, Ac ≈ 0.65 A0 − 2.8 M1/2).
However, interestingly enough, large values for Sf and
aSL necessarily imply a lower bound for the neutron EDM
dn >∼ 10−(28−29)e cm, that is an experimentally interest-
ing level for the expected future experimental resolutions.
3
Similarly, according to eq. (30), it turns out that
the corresponding lower bound for dHg is dHg >∼
10−(30−31)e cm.
In summary the most peculiar predictions for the
SUSY Abelian models of table I are:
3 Similarly, in ref. [45] we pointed out that, in the context of the
flavour blind MSSM (FBMSSM), large (non-standard) CP vio-
lating effects for b → s transitions, like the CP asymmetries in
Bd → φKS and b → sγ, unambiguously predict a lower bound
for the electron and neutron EDMs (as well as for the mercury
EDM) in the reach of the future experimental sensitivities.
• Natural solution of the SUSY flavour problem
thanks to small (most probably undetectable) ef-
fects in the down quark sector, i.e. in K0 − K¯0,
B0 − B¯0 and B0s − B¯0s mixings.4
• Experimentally visible CP violating effects in D0−
D¯0 mixing, as the time dependent CP asymmetry
in decays to CP eigenstates Sf and the semileptonic
asymmetry aSL.
• Large values for the hadronic EDMs, in the reach of
the future experimental sensitivities, generated by
the up-quark (C)EDM. Hence, a correlated study
of several hadronic EDMs, with different sensitivity
to the up-quark (C)EDM would provide a crucial
tool to probe SUSY alignment models.
• A lower bound for the EDM of hadronic systems
(like the neutron EDM and the mercury EDM), in
the reach of future experimental sensitivities, for
given large (non-standard) values of Sf and aSL.
VI. CONCLUSIONS
Within the SM, CP violating effects in D meson sys-
tems are predicted to be highly suppressed at the level
of O((VcbVub)/(VcsVus)) ∼ 10−3. Therefore, any experi-
mental evidence for CP violation inD0−D¯0 mixing above
the per mill level would unambiguously point towards a
NP effect.
4 An exception to these findings arises, for example, in the context
of the Abelian flavour model proposed in ref. [46], which does
not belong to the class of the Abelian flavour models of table I.
As thoroughly discussed in ref. [1], the model of ref. [46] predicts,
in addition to large NP effects in D0− D¯0 mixing, also large NP
effects for b→ s transitions.
7On the other hand, within supersymmetric scenarios
like the popular alignment models, large non-standard
effects in D0 − D¯0 mixing naturally arise. At the same
time, the NP content of FCNC and/or CP violating ob-
servables related to the K, Bd and often also Bs systems
is small enough and thus hardly detectable because of
irreducible hadronic uncertainties.
In this letter we have demonstrated that, within align-
ment models, large CP violating effects in D0− D¯0 mix-
ing would unambiguously predict a lower bound for the
EDMs of hadronic systems, like the neutron EDM and
the mercury EDM, well within the future experimental
sensitivities.
As a byproduct of our analysis, we also studied the
correlation between two CP violating observables in D
mixing: the time dependent CP asymmetry in decays to
CP eigenstates Sf and the semileptonic asymmetry aSL
both model independently and, for the first time, within
supersymmetry.
The above physics case provides a splendid example of
the complementarity existing among different low energy
observables in shedding light on the NP theory at work,
if any. The simultaneous evidence of non-standard CP
violating effects in the D meson system together with the
evidence of non vanishing hadronic EDMs would strongly
support the idea of SUSY alignment models and disfavor
gauge-mediated SUSY breaking models, SUSY models
with MFV and non-Abelian SUSY flavour models.
Viceversa, if nature has chosen supersymmetry to be
the completion of the SM theory operating at the TeV
scale and if alignment models are responsible for the so-
lution of the SUSY flavour problem, it is uniquely pre-
dicted that sizable NP effects might appear in CP vio-
lating modes of the D meson system (but most probably
not in the Bs system) and in the hadronic EDMs.
Hence, any experimental effort aiming to improve their
current resolutions are highly desired and hardly overem-
phasized.
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